Muscarinic cholinergic inhibition of beta-adrenergic stimulation of phospholamban phosphorylation and Ca2+ transport in guinea pig ventricles.
The effects of muscarinic cholinergic stimulation on beta-adrenergic induced increases in phospholamban phosphorylation and Ca2+ transport were studied in intact myocardium. Isolated guinea pig ventricles were perfused via the coronary arteries with 32Pi, after which membrane vesicles were isolated from individual hearts. Isoproterenol produced reversible increases in 32P incorporation into phospholamban. Associated with the increases in 32P incorporation were increases in the initial rate of phosphate-facilitated Ca2+ uptake measured in aliquots of the same membrane vesicles isolated from the perfused hearts. The increases in 32P incorporation and calcium transport were significantly attenuated by the simultaneous administration of acetylcholine. Acetylcholine also attenuated increases in phospholamban phosphorylation and Ca2+ uptake produced by the phosphodiesterase inhibitor isobutylmethylxanthine and forskolin. The contractile effects of all agents which increased cAMP levels (increased contractility and a reduction in the t1/2 of relaxation) were also attenuated by acetylcholine. The inhibitory effects of acetylcholine were associated with attenuation of the increases in cAMP levels produced by isoproterenol and isobutylmethylxanthine but not by forskolin. Acetylcholine also increased the rate of reversal of the functional and biochemical effects of isoproterenol by propranolol without affecting cAMP levels. These results suggest that cholinergic agonists inhibit the functional effects of beta-adrenergic stimulation in part by inhibition of phospholamban phosphorylation. This inhibition may be mediated by two potential mechanisms: inhibition of beta-adrenergic activation of adenylate cyclase and stimulation of dephosphorylation.